


RESEARCHARTICLE

5. cerevisi
mmpnxcg;};ﬁ::nmure Figure 1. Multidimensional protein identification technology (MudPIT). Based on
Offine Loading the method of Link et al.*®, complex peptide mixtures from different fractions of a
MofPad@ S. cerevisiae whole-cell lysate were loaded separately onto a biphasic
licrocolumn

microcapillary column packed with strong cation exchange (SCX) and reverse-
phase (RP) materials. After loading the complex peptide mixture into the
microcapillary column, the column was inserted into the instrumental setup.
Xcalibur software, HPLC, and mass spectrometer were controlled simultaneously
by means of the user interface of the mass spectrometer. Peptides directly eluted
into the tandem mass spectrometer because a voltage (kV) supply is directly
interfaced with the microcapillary column. As described in the Experimental
Protocol, peptides were first displaced from the SCX to the RP by a salt gradient
and eluted off the RP into the MS/MS. In an iterative process, the microcolumn was
re-equilibrated and an additional salt step of higher concentration displaced
peptides from the SCX to the RP. Peptides were again eluted by an RP gradient
into the MS/MS, and the process was repeated. The tandem mass spectra
generated were correlated to theoretical mass spectra generated from protein or
DNA databases by the SEQUEST algorithm?,

HPLC
Gradient

Representative sampling of the yeast proteome. The subcellular  are the easiest to detect in any sample resulting in more peptide identi-
localization catalogs from MIPS (ref. 24) allowed us to determine thfications from abundant proteins than low-abundance proteins.
similarities and differences among the three fractions (Table 1). EvenExtremes of th&. cerevisiggoteome are well represented in our
though in several cases the overall numbers of proteins identifiethta. Because a peptide mixture is generated before the chroma-
from a cellular compartment appear similar between any two santegraphy, the method should be independent of pl and MW of pro-
ples, unique identifications were found in every sample. For exanteins. In two of the studies for which MW and pl were reported for the
ple, the majority of the unique hits from the soluble fraction wereproteins identified, no protein with a MW >180 kDa or pl >10 was
proteins localized to the cytoplasm and the nucleB.oterevisiae detected and identifi€d Proteins with both acidic and basic pls are
including the transcription factor SNF5 (Codon Adaptation Iflex represented in our data set. Twelve proteins with pls <4.3 were identi-
(CAl) = 0.12¥5%" and the superoxide dismutase chaperone LYSTied, with the lowest being RPP1A (YDLO81C), which has a pl of 3.82
(CAI=0.16% (data not shown). Twenty-nine proteins with pls >11 were identified,

The two insoluble fractions provided greater detections and idenwith the most basic protein identified being RPL39 (YJL189W), which
tifications of organelle proteins (Table 1). The heavily washed insohas a pl of 12.55 (data not shown). In addition, proteins with MWs
uble fraction had more hits than any other sample localized to the€10,000 and >190,000 Da are represented. For example, 24 out of 77
nucleus, mitochondria, endoplasmic reticulum, plasma membranepossible proteins with a MW in excess of 190 kDa were identified, the
and Golgi (Table 1). There were unique hits found in both the heavilargest being YLR106C (CAI = 0.17) with a MW of 558,942 Da, from
ly washed insoluble fraction and partially washed insoluble fractiorwhich four unique peptides were identified.

For example, the majority of the hits to the vacuole were

identified in the lightly washed insoluble fraction includA sees B
ing the H-ATPase domains VMA4 (CAI = 0.27) an(
VMAS (CAI = 0.24%. 4000

Using the MIPS catalogs we determined that ew
major functional category and protein class were rep
sented in our data (data not shown). Of the major prote
classes rarely seen on 2D-PAGE, we detected and id
fied 32 protein kinases including the MAP kinase sig!
transduction pathway kinases STE7 (CAI = 0.12), STE
(CAIl = 0.15), STE20 (CAIl = 0.16), and FUS3 (CAl ° 0
0.12f°% Furthermore, we detected and identified 4 I A A A A VT VI I T TV v
transcription factors including members of the SWIDS' CAl range CAl range
complex SNF5 (CAI = 0.12), SWI4 (CAl = 0.15), an
SWI6 (CAI = 0.147 c =r

Of the 6,216 open reading frames in the yeast geno
83% have CAI values between 0 and 0.20, that is, are r
dicted to be present at low levels (Fig. 2A). Previous p
teomics studies in yeast have identified few proteins w
CAls <0.2 (refs. 4,5,32). Efforts are underway to overco
these shortcomings of 2D-PAGE, but recent evidence s
gests that 2D-PAGE alone is incapable of detecting I
abundance proteid% Any large-scale proteomic analysi
of S. cerevisianust identify proteins in this CAl range. As ® 501 0.11- 021- 0.31-041-0.51- 0.61- 0.71-0.81- 0.91-

. . . 02 03 04 05 06 07 08 09 10
seen in Figure 2B, the data from our study yield a repres CAl range
tative sample of the yeast proteome with 791 or 53.3%
the proteins identified having a CAI of <0.2. A total Crigure 2. Codon adaptation index (CAl) distribution of the identified S. cerevisiae
1,347 peptides were detected from the 791 proteins ideproteome and the predicted S. cerevisiae genome. (A) CAl distribution of the proteins

fied with a CAl of <0.2, an average of 1.7 peptides per ppredicted in the S. cerevisiae genome. (B) Compare this to the distribution of the
; - g proteins identified in this study over CAl ranges. In both cases, the largest protein region
tein. The number of peptides per protein increases Wis found between the CAI range of 0.11 and 0.2. (C) The average number of peptides

ir!creasing CA' (Fig. 2C). Because CAl is Considered. a |identified for each protein in a particular CAl range was determined and plotted against
dictor of protein abundandgthe most abundant proteins CAl ranges.
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Table 1. Known subcellular localization of proteins identified in Tm domain, was detected and identified in our analysis (Fig. 3).

S. cerevisiae fractions? An earlier comparison of the 8 « crystal structures of both the
Ca*-ATPase from sarcoplasmic reticuléfrand the plasma mem-
Subcellular Soluble Lightly Heavily brane H-ATPase fronN. crassd demonstrated that the membrane
compartment fraction® washed washed domains of both of the proteins are positioned in a highly similar
insoluble insoluble

fashior#®. The crystal structure of €aATPase from sarcoplasmic

fraction® fraction® ! . ;
raction raction reticulum, a P-type ATPase, has recently been deterfiidd this
Cell wall 2 1 1 crystal structure, the fifth Tm domain protrudes beyond the mem-
Plasma membrane 5 18 35 brane and forms a column on which the phosphorylation domain is
Cytoplasm 286 264 274 fixed'*4L We detected and identified the corresponding Tm domain
Cytoskeleton 1 20 22 in PMAL in our analysis (Tm 5 in both P-type ATPases) (Fig. 3).
Endoplasmic reticulum 12 36 42
Golgi 3 10 16 Di .
Transport vesicles 4 14 16 IScussion N ) ) _
Nucleus 67 122 151 Saccharomyces cerevis@ebeen the subject of a wide variety of
Mitochondria 43 87 83 proteomic analység324243but the greatest number of proteins iden-
Peroxisome 2 3 3 tified previously in a single study was 279 (ref. 32). All of these stud-
\E/”doslome 1 11 2 ies utilized 2D-PAGE coupled to MS, which is time-consuming as a
Mai‘ccr‘gosgmes g 8 ? result of the nature of spot-by-spot analysis and biased against low-
Lipid particles 0 5 3 abundancg proteins, integral membrane proteins, and proteins with
extremes in pl or MW. A substitute to 2D-PAGE/MS as the method
aSubcellular localizations obtained from the S. cerevisiae subcellular localiza- for proteomic analyses must resolve proteins as well as 2D-PAGE,
non catalog at the Munich Information Center for Protein Sequences website . 4)16\y for the rapid identification of the proteins resolved, and deal
roteins identified in individual runs were analyzed for their subcellular local- . . .
ization. The subcellular localization of many of the proteins detected and identi- equally with proteins, regardless of their abundance, subcellular
fied is unknown. Therefore, not all of the proteins detected and identified are localization, or physicochemical parameters.
represented in this table. To achieve the resolving power of 2D-PAGE, a multidimensional
chromatography method must be used. A wide variety of systems
Detection and identification of integral and peripheral mem- coupling multidimensional chromatography to mass spectrometry

brane proteins. By analyzing our data set against the peripherahave been describ¥d344 Although these methods may be suitable
membrane proteins contained in the Yeast Proteome Dafdbmse to automation, none identified >200 proteins from any sample.
detected and identified 72 out of 231 possible peripheral membraridany different types of chromatography (ion exchange, reverse
proteins. We uniquely detected 23 in the heavily washed insolubfghase, size exclusion) may be used in tandem so long as they are
fraction and 14 from the lightly washed insoluble fraction (data notargely independent and components resolved in one dimension
shown). remain resolved in the second dimengfoNext, a fully automated

At the MIPS websité the entire yeast genome has been analyzeldigh-throughput method is needed that combines resolution and
for loci with predicted transmembrane (Tm) domains from 1 to 20 byidentification removing all sample-handling steps once the sample
applying the criteria of Kleiet al** and Goffeaiet a>. Using these is loaded onto the system. A fully online 2D LC/MS/MS system like
criteria, 697 proteins from th®. cerevisiggnome have three or more MudPIT fulfills both of these requirements. Once a sample is
predicted Tm domains, of which we identified 131 or 19% of the total
(Table 2). Of these 131 proteins, 44 were identified only in the heavi
washed insoluble fraction, and 33 were identified only in the lightl
washed insoluble fraction. Several of these proteins have low predici
abundances based on their CAI. For example, two unique peptids
were detected for the poorly characterized protein YCR017c (CAl
0.16), which has 15 predicted Tm domains (Taldte 3)

The peptides detected and identified from each predicted integr
membrane protein rarely covered part of or all of a predicted Trr
domain (Table 3). Of the 70 peptides identified from 26 proteins
with 10 or more predicted Tm domains, 4 peptides partially covere
predicted Tm domains (FKS1, ALG7, and YGR125w) and 4 peptidt
completely covered predicted Tm domains (ALG7, ITR1, PMAL, an
PMA2) (Table 3). Furthermore, 43 of the 70 peptides listed in Table
mapped to the largest soluble domain of the respective proteir
These patterns persisted with the identifications of proteins witt
three to nine predicted transmembrane domains.

For example, 13 unique peptides were assigned to PMAL1. PMA1
the major isoform of the Htransporting P-type ATPase found in Figure 3. Peptide mapping of the integral membrane protein PMAL. A
the plasma membraffeand a three-dimensional map of a masmatwo—dimgnsional repres_entation of PMAL is displayed. Cylinders represent

the predicted Tm domains as reported by MIPS (ref. 24). The protein

membrane H'_ATPase f_ronN(_auros_pora crasbas be‘?” reportéd . segments between predicted Tm domains are drawn to approximate
Of the 13 unique peptides identified from PMA1 in our analysisscale. Black lines and green cylinders represent segments of the protein
10 were from the soluble-loop domain between the fourth (amincotidentified in this study. Red lines and the red cylinder represent
acids 3269342) and fith (amino acids 662D678) predicted Toeqertaclihe o e e sy e pepos e et
dom?ins (Fig. 3). Th_is g"_"p of 342 amino aCiqS between these tVand identified between Tm domains 4 and 5: andpoﬂe peptide was
predicted Tm domains is the largest domain between two Trgetected and identified in the C terminus. We also detected and identified
domains in PMA1 and is the catalytic sub#nitnterestingly, the  a peptide corresponding to Tm domain 5 in our analysis. The 320-amino
peptide of amino acids 659680, which completely covers the fifacid domain between Tm domains 4 and 5 is the largest in the protein.
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Table 2. Proteins identified containing three or more predicted illary column are resolving and eluting peptides directly into the
transmembrane domains? mass spectrometer.
Number of Number of Number of Percentage Although the 1',484 proteins we identified I|_ker do_not _represent a
predicted proteins proteins in class  of total F:omplete analysis of all the prote!ns present in logarithmically grow-
transmembrane  in class identified predicted ing cells, our method clearly provides a large-scale and global view of
domains by MudPIT theS. cerevisiggoteome. Our methodology not only gave access to
low-abundance proteins, membrane proteins, proteins with MW in
i 12? ié g excess of 180 kDa, and proteins with pls >10, but more importantly,
5 57 12 21 it did so in a largely unbiased manner. Figure 4 illustrates this point
6 58 14 24 by plotting the number of proteins identified in a particular class as a
7 56 7 13 percentage of the predicted proteins. The sensitivity level across the
8 54 13 24 classes of proteins listed ranged from 13% of the predicted proteins
9 71 12 17 identified with pls <4.3 and MWs <10 kDa to 43% of the predicted
12 gg 1: ig proteins identified with pls >11 (Fig. 4). The method has a slight bias
12 15 4 57 against proteins with a pl <4.3 and MWs <10 kDa, although proteins
13 8 3 38 from both of theses classes were identified. The decreased sensitivity
14 3 0 0 to these classes was likely a result of a lack of tryptic peptides in the
15 4 1 25 final mixture. Generally, the smaller the protein the fewer the tryptic
16 1 0 0 peptides possibly generated within the mass-to-charge ratio range of
2 1 0 0 the mass spectrometer. Furthermore, proteins with pls <4.3 have
Totals 697 131 19

fewer lysine or arginine residues that can be targeted during the
aThe Munich Information Center for Protein Sequences website was used to endoproteinase Lys-C/trypsin digestion. Consequently, fewer pep-
obtain this information?*. The prediction of transmembrane domains at this site tides are generated from those acidic proteins, decreasing their
is based on Klein etal.* and Goffeau et af*. chances of being identified during a MudPIT run.

The identification of integral membrane proteins by 2D-PAGE is
loaded onto the two-dimensional column and inserted into the sysan intensive area of research in which progress is being’iade
tem (Fig. 1), no further operator interaction is needed. The majothe most detailed proteomic analysis of a membrane from a cell to
improvement over 2D-PAGE systems is that the resolution of pepdate, Molloyet al.identified 21 of 26 predicted integral membrane
tides and the generation of tandem mass spectra occur simultangroteins from the outer membrane BScherichia cddi12 cell$¥. We
ously on the same sample. That is, at any given point in time, thidentified 131 proteins with three or more predicted integral mem-
mass spectrometer is generating tandem mass spectra to limane proteins (Table 2) using formic acid and CNBr as the first step
searched against a protein database, while the HPLC and microcap-the sample treatment.

Table 3. Proteins identified with 10 or more predicted transmembrane (Tm) domains?

Locus Name No. of No. of Peptide Peptide hits CAl MwW Membrane
predicted peptides hits within to (kDa) localization
Tm domains identified Tm domains® largest soluble in cell
domain
YCRO17C - 15 2 N 1 0.16 108 -
YGRO032w GSC2 13 4 N 3 0.21 217 Plasma
YILO30c SSM4 13 1 N 0 0.17 151 -
YJL198w - 13 1 N 1 0.18 98 -
YDR135c¢ YCF1 12 3 N 2 0.15 171 Vacuolar
YKL209c STE6 12 1 N 1 0.13 145 Plasma
YLLO15w - 12 1 N 0 0.14 177 -
YLR342w FKS1 12 6 1P 3 0.27 215 Plasma
YGLO022w STT3 11 2 N 2 0.21 82 ERC
YNL268w LYP1 11 1 N 1 0.22 68 Plasma
YNRO13c - 11 3 1P 1 0.19 99 Plasma
YPLO58c PDR12 11 6 N 3 0.29 171 -
YBR068c BAP2 10 2 N 0 0.16 68 Plasma
YBR243c ALG7 10 2 1P 1C 0 0.13 50 ER
YDR342c HXT7 10 1 N 1 0.52 63 Plasma
YDR343c HXT6 10 2 N 1 0.52 63 Plasma
YDR345c¢ HXT3 10 1 N 1 0.49 63 Plasma
YDR497c ITR1 10 1 Cc 0 0.19 64 Plasma
YER119c - 10 1 P 0 0.10 49 -
YFL025¢ BST1 10 1 N 0 0.13 118 ER
YGL008c PMA1 10 13 1C 10 0.73 100 Plasma
YGR125w - 10 1 1P 0 0.12 117 -
YHRO094c HXT1 10 1 N 1 0.41 63 Plasma
YLLO61w MMP1 10 1 N 0 0.13 64 -
YOR328w PDR10 10 1 N 1 0.13 176 Plasma
YPLO36wW PMA2 10 11 1C 10 0.30 102 Plasma

aThe Munich Information Center for Protein Sequences website was used to obtain this information. The prediction of transmembrane domains at this site is based on Klein
et al.3 and Goffeau et al.35 bAbbreviations: N, none; P, partially covers a transmembrane domain; C, completely covers a transmembrane domain. “Endoplasmic reticulum.
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50 methanol were purchased from Fischer Scientific (Fair Lawn, NJ).
Endoproteinase Lys-C was purchased from Roche Diagnostics (Indianapolis,
IN). Difco Dextrose, tryptone, and yeast extract were products of BD
Biosciences (Sparks, MD). Heptafluorobutyric acid (HFBA) was obtained
from Pierce (Rockford, IL). Glacial acetic acid was purchased from
Malinckrodt Baker Inc. (Paris, KY).

% of total

Growth and lysis of S. cerevisiae. Strain BJ5460 (ref. 50) was grown to mid-

log phase (OD 0.6) in YPD at 30;C. To generate three fractions to analyze, two
separate groups of cells were treated in the following manner. Cells were sol-
ubilized in lysis buffer (310 mM NaF, 3.45 mM NaV& mM Tris, 12 mM
EDTA, 250 mM NacCl, 140 mM dibasic sodium phosphate pH 7.60) and dis-
rupted in the presence of glass beads in a Mini-BeadBeater (BioSpec
Products, Bartlesville, OK) as descriie@ifter removal of the supernatants,

the remaining two pellets were subjected to additional washing as follows.
Each pellet was washed by addirgPBS (1.4 mM NaCl, 0.27 mM KClI,

1 mM NaHPO,, 0.18 mM dibasic potassium phosphate, pH 7.4) to the tube,
vortexed for 2 min, and pelleted by centrifugation at 14,000 r.p.m. for 10 min
in the Eppendorf microfuge. One pellet (to be named the lightly washed

Figure 4. Sensitivity of MudPIT to a wide variety of protein classes. The
percentage of proteins identified in this study from a variety of protein
classes is presented. The percentages were determined by dividing the

number of proteins identified in the study in each category shown by the insoluble pellet) was washed once in this fashion followed by lyophilization
total number of predicted proteins from each category shown. MIPS (ref. to dryness in a Speed Vac SC 110 (Savant Instruments, Holbrook, NY). The
24) and the Yeast Proteome Database® were used to obtain the predicted second pellet (to be named the heavily washed insoluble pellet) was washed
numbers of proteins from S. cerevisiae in each class. From left to right are 3xin this way, followed by lyophilization to dryness.

the percentages identified of total proteins, proteins with a CAl <0.2,

proteins with a pl < 4.3, proteins with a pl >11, proteins with a MW Digestion of soluble fraction. After adjusting the pH to 8.5 with 1 M ammoni-
<10kDa, proteins with a MW >180 kDa, integral membrane proteins um bicarbonate (AmBic), the protein concentration was determined by the
(IMPs) with three or more predicted transmembrane domains, and Bradford assay. The sample was sequentially solubilized in 8 M urea, reduced by
peripheral membrane proteins (PMPs). adding dithiothreitol to 1 mM, and carboxyamidomethylated in 10 mMm

iodoacetamide. After digestion with Endoproteinase Lys-C as destribed
solution was diluted to 2 M urea with 100 mM AmBic, pH 8.5 followed by the
Because formic acid is an organic acid, it partially solubilized th&ddition of CaGito 1 mM. Finally, 3ul of Porosyzme immobilized trypsin
membrane portions of the cell in our heavily and lightly washed insoluwere added and incubated overnight at 37;C while rotating. After removal of
ble fractions. Then, CNBr cleaved off the soluble portions of théhe Porosyzme immobilized trypsin beads by centrifugation, a solid-phase
integral membrane proteins as large domains that were subjected &graction with SPEC-PLUS PTC18 cartridges (Ansys Diagnostics, Lake Forest,
additional proteolysis. Peptides detected and identified from integrf”) Was carried out on the supernatant according to the manufacturerOs

. . : : ] i he complex peptide mixtures and buffer exchange
membrane proteins rarely contained any portion of a predicted trangh'Structions to concentrate t X pep ; .
P Y v P P the mixtures into 5% ACN, 0.5% acetic acid. Samples not immediately ana-

membra“‘? domain (Table 3). Whe_n multiple h'ts were Q_btalnec_i to ‘?yzed were stored at B80;C. After the preparation of the complex peptide mix-
partu_:ular integral membrane protein, the peptides 'dent'f'ed typ'Ca"){ure, amino acid analysis (Macromolecular Structure Facility, Department of
localized to the largest soluble loop between two predicted transmerochemistry, Michigan State University) was carried out on each sample.
brane domains in the protein (Table 3 and Fig. 3). In the instance of . . o ] )
PMAL, we identified a Tm domain that may have unique functionaplgestlon of insoluble fl_’actlons.The lyophilized heavily wash_ed and lightly
significance (Fig. 3). On the basis of the crystal structure of another FaShed insoluble fractions were treated separately by adding d080%

S mic acid and incubating for 5 min at room temperature. After adding
type ATPase (refs 40,41) and the similarities of P-type ATPases (ref. mg of CNBr, the samples were incubated overnight at room temperature

m domalln 5 in PMA1 may protrude beyor)d the pllasma membrang—h the dark. On the following day, the pH was adjusted to 8.5 by the addition of
and provide a column on which the catalytic domain rests. Based Q@i H,0 and solid AmBic. Each fraction was lyophilize@260l. From

the results, our method may be useful for localizing predicted integrais point forward, the samples were treated identically to the soluble fraction.
membrane proteins to particular membranes in a cell and for provid-

ing support for predicted folding of proteins within the membrane. Multidimensional protein identification technology (MudPIT). Each
L S sample was subjected to MudPIT analysis with modifications to the method
Proteomics is beginning to develop the methodology needed fq escribed by Linlet al®. A quaternary Hewlett-Packard 1100 series HPLC

comprehensive h'g_h'thr_OUthm qua_ntltatlve_ analyses of pro'[eome%vas directly coupled to a Finnigan LCQ ion trap mass spectrometer equipped
The method described in this work is a major step toward cOMprey;th a nano-LC electrospray ionization sotca fused-silica microcapil-
hensive high-throughput methods, because not only were lowrry column (10Qum i.d. x 365pum o0.d.) was pulled with a Model P-2000
abundance proteins detected and identified, but peripheral anthser puller (Sutter Instrument Co., Novato, CA) as descHb&He micro-
integral membrane proteins were also detected. MudPIT alone is noblumn was first packed with 10 cm ofufn Cyg reverse-phase material
particularly quantitative. In general, the more abundant a protein (XDB-C18, Hewlett-Packard) followed by 4 cm ofufa strong cation

the more peptides identified from a protein. Only when emergings*change material (Partisphere SCX; Whatman, Clifton, NJ). Approximately
quantitative proteomic method®4%re combined with MudPIT will 420ug of the soluble fre_ictlon, 44y pf the lightly Washed insoluble fraction,
true large-scale analysis of protein expression changes be possiﬁrl]éj. 490ug of the heavily washed insoluble fraction were loaded onto three

S - L . Separate microcolumns for the analysis of each fraction. After loading the
The combination of MudPIT with quantitative methods will allow microcapillary column, the column was placed in-line with the system

for the integration of MRNA and protein expression levels needed t(f‘—ig. 1) as describ&A fully automated 15-step chromatography run was

fully understand gene netwofKs carried out on each sample. The four buffer solutions used for the chro-
) matography were 5% ACN/0.02% HFBA (buffer A), 80% ACN/0.02% HFBA
Experimental protocol (buffer B), 250 mM ammonium acetate/5% ACN/0.02% HFBA (buffer C),

Materials. Standard laboratory chemicals used in this work and acid-washednd 500 mM ammonium acetate/5% ACN/0.02% HFBA (buffer D). The first
glass beads were obtained from Sigma (St. Louis, MO). Sodium vanadattep of 80 min consisted of a 70 min gradient from 0 to 80% buffer B and a
(NaVG;s), sodium fluoride (NaF), sodium pyrophosphate (NgD;), formic 10 min hold at 80% buffer B. The next 12 steps were 110 min each with the
acid, and cyanogen bromide (CNBr) came from Aldrich (Milwaukee, WI).following profile: 5 min of 100% buffer A, 2 min &% buffer C, 3 min of
Poroszyme bulk immobilized trypsin was a product of Applied Biosystem&00% buffer A, a 10 min gradient from 0 to 10% buffer B, and a 90 min gradi-
(Framingham, MA). HPLC-grade acetonitrile (ACN) and HPLC-grade ent from 10 to 45% buffer B. The 2 min buffer C percentages $teps 2D13

were as follows: 10, 20, 30, 40, 50, 60, 70, 80, 90, 90, 100, and 100%. Step 14
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consisted of the following profile: a 5 min 100% buffer A wash, a 20 mirr partially tryptic between the Xcorr ranges of 2.2 and 3.0. Partially tryptic pep-
100% buffer C wash, a 5 min 100% buffer A wash, a 10 min gradient from O tioles were especially relevant in the two samples where CNBr was used. Peptides
10% buffer B, and a 90 min gradient from 10 to 45% buffer B. Step 15 wasgth a +2 charge state with an Xcorr >3.0 were accepted regardless of their tryp-
identical to step 14 except that the 20 min salt wash was with 100% buffer Bc nature. Finally, +3 peptides were only accepted if they were fully or partially

. ) tryptic and had an Xcorr >3.75. We manually confirmed each SEQUEST result
SEQUEST analysis and AUTOQUEST output. The SEQUEST algorithifwas  fom every protein identified by four or fewer peptides using criteria deséribed

run on each of the thre_ze data sets against the yeast_orfs.fasta database fronyih&n, five or more peptides were identified from a protein we manually con-
National Center for Biotechnology Information. The AUTOQUEST softwaref e that at least one of the SEQUEST resuilts fit criteria dederibed

package displayed the output, listing protein loci with the number of peptides \tq- Supplementary information can be found déathee Biotechnology
assigned to each locus. Because CNBr cleaves at methionine residues and Igayes:q in Web Extras (http://biotech.nature.com/web_extras).

either homoserine (Hse) or Hse lactehthe MS/MS data resulting from the

two samples treated with CNBr/formic acid had to be independently analyzed

twice with SEQUEST For each run, the differential search modification was Acknowledgments ) ] )

engaged and set to either D30 for Hse or D48 for Hse lactone. We used consaff@authors thank Jimmy Eng, David Schieltz, David Tabb, and Laurence
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